























































dependent	enzymes	 –	—	that	 interact	with	 the	 immobilized	dye	 through	 their	Rossman-folded	binding	sites.	More	relevant	 to	plasma/serum	proteins,	 the	properties	of	 the	 immobilized	 ligand	do	contribute	 to	both	 ion	exchange	and
hydrophobic	 interaction.	 As	 a	 result,	 the	 affinity	 of	 individual	 serum	 proteins	 for	 immobilized	 Cibacron	 Blue	 F3-GA	 changes	 with	 ligand	 density	 (in	 different	 commercial	 products)	 as	 well	 as	 with	 pH	 and	 ionic	 strength	 of	 the
chromatographic	buffer,	whether	under	steady	or	dynamic	conditions	(incubation,	flow)	[4,5].	Moreover,	 the	affinity	of	albumin	 itself	 for	the	 immobilized	dyes	extensively	varies	depending	on	the	species	[6],	being	very	high	for	the
human	protein	but	 from	 lower	 to	much	 lower	 for	many	of	 its	animal	homologs.	Accordingly,	 it	 is	difficult	 to	quantitatively	 remove	albumin	 (from	human	and	even	more	 from	animal	 specimens)	without	carrying	along	other	 serum



























precipitation	 on	 IgG-depleted	 serum	was	 processed	 though	 size	 exclusion	 chromatography	 and	 proteins	 co-eluting	 with	 albumin	 were	 assessed	 [17].	 All	 the	 identified	 proteins	 are	 assumed	 to	 interact	 with	 albumin	 in	 vitro	 as	 a
















































sensitivity	 is	 obviously	 connected	 with	 the	 higher	 phylogenetic	 distance	 between	 self	 and	 immunizing	 non-self	 in	 chicken	 than	 in	 mammals.	 Among	 the	 commercial	 products,	 it	 is	 worth	 mentioning	 those	 from	 Agilent
(https://www.agilent.com/),	 from	R&D	Systems	(https://www.rndsystems.com/)	and	 from	Sigma	(http://www.sigmaaldrich.com/).	They	 include	 two	classes	of	depletion	columns:	one	 targeting	12	or	14	of	 the	high-abundance	proteins,
another	the	middle-abundance	proteins;	the	polyclonal	polyspecific	antibodies	for	the	latter	are	obtained	through	immunization	with	the	flow-through	from	the	former.	The	sequential	use	of	both	columns	is	intended	to	leave	in	solution
only	low-abundance	proteins.
















remain	associated	with	a	whole	 range	of	peptides	and	proteins,	which	are	 removed	alongside	 (off-target	 effects)	 (Fig.	6).	A	 largely	 similar	 experimental	 design	was	 implemented	 in	 another	paper	 [29].	 In	 this	 case,	 the	 systematic































































































in	mice	bearing	the	xenograft	 [70].	A	hepatocellular	carcinoma	model	may	be	obtained	by	 injection	of	HCCLM3	cells;	 the	 levels	of	circulating	cytokeratin	19	and	of	 its	 fragment	CYFRA	21-1	were	 found	associated	with	metastasis
potential	[71].	Three	cell	lines	(liposarcoma	[SW872],	osteosarcoma	[KHOS‐































Even	 for	animals	 the	 size	of	 a	mouse	 –	—	few	 tens	 of	 grams	 in	weight	 –	—	tens	 of	microliters	 of	whole	 plasma/serum	are	most	 often	 available	 for	 testing.	 This	 allows	 for	 each	 sample	 to	 be	 analyzed	 under	more	 than	 one




The	following	observations,	 taken	from	[84],	summarize	our	 findings	about	 the	major	serum	proteins	 in	 four	species	–	—	Homo	sapiens	(Fig.	8),	Rattus	norvegicus,	Mus	musculus,	 Bos	 taurus	 –	—	and	 stress	 advantages	 and
disadvantages	of	alternative	procedures.	Under	non-reducing	conditions	albumin	of	all	species	migrates	to	a	much	lower	Mr	than	under	reducing	conditions:	55	vs	68		kDa,	consistent	with	the	presence	of	17		S-S	bonds.	Either	because	of
better	recovery	or	higher	affinity	for	CBB	stain,	the	spot	for	non-reduced	albumin	is	larger	and	darker.	Polymeric	forms	on	top	of	a	diffuse	vertical	streaking	are	also	observed.	Unreduced	conditions	allow	for	the	best	resolution	between






































Chymase	 is	 a	 chymotrypsin-type	 serine	 protease	 stored	 in	 the	 intracellular	 granules	 of	mast	 cells	 until	 liberated	 by	 degranulating	 stimuli.	 Proteolysis	 of	 its	 substrates	 is	 part	 of	 the	 inflammatory	 response:	 processing	 of
angiotensin	I	to	angiotensin	II	supports	blood	pressure;	degradation	of	inflammatory	cytokines	and	other	bioactive	peptides	limits	the	spread	of	the	reaction;	activation	of	procollagenase	to	collagenase	contributes	to	extracellular	matrix




C91	 covalent	 bond)	 nicking	 by	 chymase	 has	 no	 influence	 on	 the	 properties	 of	 albumin,	 including	 cation	 binding	 (Cu2	 +	 or	 Zn2	 +)	 at	 a	 site	 near	 the	 cleavage	 point	 [96].	 Accordingly,	 the	 in	 vitro	 demonstration	 of	 anticoagulant
properties	for	S-carboxymethylated	CNBr-fragments	of	albumin	is	unlikely	to	have	any	in	vivo	counterpart,	and	not	only	because	of	the	unphysiological	type	of	cleavage	[97].
A	 peculiar	 type	 of	 nicking	 is	 involved	 in	 the	 antiprotease	mechanism	 of	 serpins,	 as	 exemplified	 by	 alpha-1-antitrypsin.	 A	 protease,	most	 often	 elastase	 from	 granulocytes,	 docks	with	 the	 exposed	 reactive	 loop	 of	 alpha-1-
antitrypsin,	because	its	sequence	and	conformation	resemble	a	model	substrate.	After	cleavage	at	the	‘bait’	peptide	bond	(M358-S359),	the	reactive	loop	rapidly	inserts	within	an	underlying	beta-pleated	sheet	motif	as	an	extra,	central
beta-strand.	In	the	process,	the	catalytic	machinery	of	elastase	is	distorted	and	the	enzyme	cannot	complete	the	catalytic	cycle	and	regenerate	to	the	free,	active	form	from	the	reaction	intermediate	(in	which	elastase	acylates	S359).






































Much	effort	 for	 in-depth	 investigation	of	 these	phenomena	 is	 concentrated	on	pathological	 tissues.	A	number	of	 syndromes	are	being	studied	 in	 this	 respect,	 including	multiple	 sclerosis	 [122],	Alzheimer	disease	 [123]	 and
atherosclerosis	 [124].	 Main	 focus,	 however,	 is	 on	 cancer,	 as	 glycans	 are	 involved	 in	 such	 crucial	 aspects	 of	 the	 disease	 as	 cell	 signaling	 and	 communication,	 tumor	 cell	 dissociation	 and	 invasion,	 cell-matrix	 interactions,	 tumor
angiogenesis,	immune	modulation	and	metastasis	formation	[125–129].






50%	 by	weight)	 and	 is	 a	 positive	 acute	 phase	 reactant,	 its	 concentration	 increasing	 between	 5-	 and	 50-fold	 in	 response	 to	 noxa.	Within	 the	 calycin	 superfamily,	 lipocalin	 family,	 it	 belongs	 to	 the	 subfamily	 of	 immunocalins.	 The
immunomodulatory	 and	binding	properties	 of	 alpha-1-acid	 glycoprotein	 strongly	 depend	on	 its	 carbohydrate	 composition:	 strikingly,	 different	 glycoforms	bring	 about	 opposite	 immunomodulatory	 effects	whereas	 a	 pool	 of	N-linked



















repair	and	tissue	remodeling.	At	 least	some	acute	phase	proteins	might	constitute	an	 inducible	system	of	 factors	protecting	against	cell	death	by	apoptosis:	 for	 instance,	alpha-1-acid	glycoprotein	and	alpha-1-antitrypsin	 inhibit	 the
activation	of	caspase-3	and	caspase-7	to	become	the	main	effectors	(executioners)	of	apoptosis	[139].






Examples	of	disease-specific	 associations	 for	 some	APRs	are	provided	by	 two	 reports.	 Inoculation	 into	nude	mice	of	human	cancer	 cell	 lines	derived	 from	stomach,	nasopharyngeal,	 colon,	 oral	 and	brain	 cancers	 results	 in
increased	levels	of	several	mouse	APRs,	including	haptoglobin.	Conversely,	serum	amyloid	A	(SAA),	is	found	only	in	mice	bearing	tumors	induced	by	the	stomach	cancer	cell	line	(SC-M1)	[142].	In	a	genetically	modified	mouse	model













of	 different	 ligands	 at	 different	 sites.	 Databases	 collecting	 and	 organizing	 information	 about	 the	 few	 hundreds	 of	 characterized	 moonlighting	 proteins	 are	 MultitaskProtDB	 at	 http://wallace.uab.es/multitask	 [146]	 and	 MoonProt
http://www.moonlightingproteins.org	[147].	First	attempts	have	started	towards	the	computational	characterization	of	moonlighting	proteins	[148]	and	their	identification	via	bioinformatics	tools	[149].
No	plasma/serum	protein	is	listed	in	the	above	databases,	which	only	include	cellular	protein	components.	Antibodies	have	been	discussed	in	this	perspective	to	conclude	that,	while	they	do	moonlight	as	a	class	(as	they	bind	to
























missing	component.	Moreover,	changes	 in	 the	 levels	of	other	components	of	plasma/serum	proteome	assess	mode	and	strength	of	 the	cross-regulation	among	protein	concentrations.	 In	addition	to	 the	analysis	of	 the	spontaneously
occurring	null	phenotypes	in	the	human	population,	these	aspects	of	proteostasis	might	be	studied	in	such	animal	models	as	the	knock-out	(KO)	mice.











positive	 and	 negative	 APRs	 (of	 transferrin,	 hemopexin,	 ceruloplasmin	 and	 fibrinogen	 and	 to	 a	 lesser	 extent	 of	 alpha-1-antitrypsin,	 alpha-1-antich ymotrypsin,	 alpha-2-macroglobulin,	 not	 of	 alpha-1-acid	 glycoprotein)	 [159]
Immunocompetent	cells	also	increase	the	synthesis	of	immunoglobulins	(IgG,	IgA	and	IgM).	Hypercholesterolemia	in	analbuminemic	rats	is	associated	with	increased	level	but	unmodified	activity	of	hepatic	HMG‐
CoA	 reductase,	 which	 points	 to	 a	 post-translational	 regulation	 of	 this	 enzyme	 and	 favors	 an	 extrahepatic	 origin	 of	 hypercholesterolemia	 in	 these	 animals.	 Cholesterol	 7-alpha-hydroxylase	 is	 up-regulated	 as	 a	 compensatory
response	to	hypercholesterolemia	[160].
An	effect	on	lipid	metabolism	similar	to	that	in	analbuminemia	is	observed	in	patients	with	nephrotic	syndrome,	in	whom	the	concentration	of	circulating	albumin	is	lowered	by	increased	loss	instead	of	by	reduced	synthesis.	At	a
difference	 from	analbuminemia,	nephrotic	syndrome	causes	severe	deficiencies	 in	LDL	receptor,	HDL	receptor,	and	LCAT.	The	hepatic	response	 in	conditions	characterized	by	reduced	plasma	colloid	osmotic	pressure	 (hypo-oncotic
states)	involves	increased	levels	of	mRNAs	encoding	a	group	of	secreted	proteins,	including	the	negative	APPs	albumin,	transferrin	and	apo	A-I,	and	the	positive	APR	fibrinogen.	Levels	of	mRNAs	encoding	negative	APRs	and	fibrinogen
correlate	with	one	another,	suggesting	that	they	are	coordinately	controlled.	The	transcription	factors	EGRF-1	and	HNF-4	seem	to	be	involved	in	this	regulation	[161].
Animal	 models	 of	 primary	 hypertriglyceridemia	 (apoCIII	 transgenic	 mice)	 and	 hypercholesterolemia	 (LDL	 receptor	 knockout	 mice)	 show	 higher	 susceptibility	 to	 Ca2	 +-induced	 inner	 mitochondrial	 membrane	 permeability













































In	 immunoglobulin	 A	 nephropathy,	 galactose-deficient	 immunoglobulin	 A (non-Italics)1	 is	 recognized	 by	 unique	 autoantibodies,	 resulting	 in	 the	 formation	 of	 pathogenic	 immune	 complexes	 that	 ultimately	 deposit	 in	 the	 glomerular
mesangium	and	induce	renal	injury.	New	approaches	using	MS	have	provided	insight	at	pathological	IgA1	glycosylation	as	connected	with	abnormal	expression	and	activity	of	several	key	glycosyltransferase	[185].
5.5	Conclusions


























































































































































































































































































An	 opposite	 perspective	 to	 depletion	 of	 high-abundance	 proteins	 from	 plasma/serum	 is	 the	 enrichment	 of	 low-abundance	 ones	 through	 an	 increase	 of	 their	 relative	 concentration;	 such	 a
compression	 of	 the	 dynamic	 range	 is	 expected	 to	 provide	 a	 deeper	 proteome	 profiling.	 This	 technology	 was	 described	 by	 the	 inventors	 as	 “protein	 equalization”	 and	 its	 effect	 as	 approaching	 a
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